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INTRODUCTION
Brown trout Salmo trutta L. 1758 has two distinct life history strategies. One is a migration 42 strategy where the individual accomplishes one or several migrations to feeding areas in fresh 43 or marine waters, and the other is a resident strategy, where the fish remains in its native river 44 during the entire life cycle (Jonsson & Jonsson, 2011) . This phenomenon of population split 45 into migratory and resident individuals is termed partial migration, and it is suggested that the 46 strategy used by the individual fish is determined by metabolic rate and growth rate (Jonsson 47 & Jonsson, 1993) . This is supported by Forseth et al. (1999) , who found that fast growing 48 juvenile S. trutta shifted their niche earlier and at a smaller body size than slower growing 49 individuals. The authors suggested that this difference in migratory behaviour was caused by 50 maintenance of higher metabolic rates in fast growers which were energetically constrained at 51 a younger age by limited food resources than slow growers.
53
As a compensation measure to the decreases in many S. trutta populations in 54 watersheds influenced by hydropower regimes, hatchery smolts are released annually into 55 some of these rivers. The intention is often to support the sea run part of the population, 56 aiming at producing fish that undergo one or several marine feeding migrations and return to 57 the river for spawning after a period in the sea. However, ranching and enhancement of 58 populations of anadromous S. trutta may be problematic since the species is only partly 59 migratory. In hatcheries, the juvenile feeding rate is higher than in the wild, and the 60 propensity to residency may therefore increase in hatchery S. trutta (Jonsson, 1989) . In earlier 61 studies, it was observed that less than 50% of the released S. trutta smolts migrated to the sea, 62 but it was also found that migration tendency increased with increasing fish length (Jonsson et 63 al., 1995; Ugedal et al., 1998) . The low tendency of seaward migration raised the question 64 4 about the value of releasing hatchery smolts in order to enhance sea trout populations 65 impacted by human activity (Ugedal et al., 1998) .
67
As a consequence of these concerns, Norwegian hatcheries have during the last 68 decades increased food ratios, and the food quality has been improved in order to produce a 69 larger and apparently better suited S. trutta smolt for release. However, new research (Serrano 70 et al., 2009; Larsson et al., 2012) has indicated that this may give an undesirable effect, since 71 larger smolts with a higher lipid content, according to the theory on partial migration, may 72 become residents instead of migrating to the sea.
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The aim of this work was to study riverine and near coastal migration performance and 75 return rates after the first summer at sea of S. trutta smolts reared under a contemporary 76 production regime. By using acoustic telemetry, detailed information about migration 77 behaviour, the proportion of resident and anadromous migrants and the return rates from the 78 sea during the first five months after release could be collected. The study was performed in the River Nidelva in Central Norway, which drains into 85 the marine Trondheim Fjord. The accessible river stretch to anadromous S. trutta is 9 km (Fig.   86 1). In 2011, mean flow was 99 m 3 s -1 . The river is influenced by seven hydropower stations 87 and consequently, the part of the river accessible for anadromous S. trutta is periodically 88 affected by rapid and frequent alterations in the water discharge due to regulation for The gill Na+,K+-ATPase activity indicated that smolts were physiologically prepared 124 for the seaward migration (Aarestrup et al., 2000) at the time of release in both study years 125 (2011: n =20, mean±S.D.=6.2±1.4 μmol ADP mg protein -1 h -1 , range 3.6-9.5; 2012: n=10, 126 mean±S.D.=7.2±2.2 μmol ADP mg protein -1 h -1 , range 4.9-12.5). Prior to tagging, fork length (L F ) and mass (W) were measured to the nearest mm and 131 g, respectively. The fish were significantly longer in 2011 (n=50, L F ±S.D. 223±27 mm, range 132 158-288 mm) than in 2012 (n=50, mean L F ±S.D. 199±12 mm, range 172-232 mm; student t-133 test, n=100, P<0.005). Mean mass was also higher in 2011 than in 2012 (n=50, mean W±S.D.
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141±58 g, range 47-318 g) than in 2012 (n=50, mean W±S.D. 95±18 g, range 58-149 g; 135 student t-test, n=100, P<0.005). 
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The ALSs in the river were deployed 1-3 m below surface, while the ALSs in the fjord were 159 deployed 3-5 m below surface. Most of the ALSs were moored in arrays (A1-A3). The arrays 160 were used to divide the study area into four zones (Z1-Z4). Z1 was the marine habitat in the 161 fjord, Z2 was the estuary while Z3 and Z4 were the lower and upper parts of the river, All fish recorded at any of the receiver sites downstream the release site had in all 173 cases been recorded by the previous arrays. This indicates that all tagged fish were recorded 174 when passing the three receiver arrays. This is supported by the results from manual tracking.
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The two outermost receivers did not cover the entire distance across the fjord, so the number 176 of fish recorded at this site is a minimum estimate. However, during the main period of the 177 seaward migration in 2012 (Mai -June), five additional receivers were deployed across the 178 fjord, forming a full array also at this site. All fish recorded by the additional receivers were 179 also recorded by one of the two original receivers deployed near shore at this outermost site. Results from the first two days after release were excluded from statistical analyses to 187 reduce the risk of including adverse behaviour induced by handling and tagging stress 188 (Pottinger, 2010) . Hatchery smolts that were tracked for more than 48 days were divided into 189 9 four groups according to their behaviour: A) River feeding individuals, which never entered 190 the estuary; B) estuarine feeders, which entered the estuary but never entered the fjord; C) 191 estuarine/marine feeders, which entered the fjord for a total period of less than a week, but 192 mainly stayed in the estuary; D) marine feeders, which spent more than one week in the fjord. assuming the fish had moved the shortest distance between the ALS sites, thus giving 204 minimum estimates (Thorstad et al., 2004) . Only fish that migrated as far as to zone 1 were 205 used in this analysis. Differences in progression rates between zone 1, 2 and 3 were tested as 206 unbalanced unreplicated repeated measurements by fitting a linear mixed model using the 207 restricted maximum likelihood (REML) method. The progression rates were ln-transformed.
208
Zones 1-4 ( Fig. 1) were used as fixed effects and individual fish id as random effects. The In total, 83% of the S. trutta smolts entered the estuary and/or marine habitat (Fig. 2) 220 and four to five weeks after release (both years) a higher proportion was registered in the 221 estuary and/or marine habitat than in the river. Based on individual means, it was found that 222 the fish spent 45% (2011) and 50% (2012) of the first eleven weeks after release in areas with 223 saline waters (i.e. estuary or marine habitat).
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The smolts displayed a large individual variation in migration patterns. Fourteen of the 226 100 tagged fish migrated into the fjord and were never registered again. Of the remaining fish, 227 58 individuals (67%) were tracked for more than 48 days. Of these, 13 individuals (22%) 228 were categorised as river feeders, 16 (28%) as estuarine feeders, 15 (26%) as estuarine/marine 229 feeders and 14 (24%) as marine feeders (Table I) None of the smolts were recorded upstream of the release site. A total of 97 smolts 238 were registered in zone 3 ( Fig. 1 & 2) and 61 smolts (61%) were registered at one or several 239 occasions in zone 1 (marine habitat). Thirty eight of the individuals recorded in the marine 240 habitat (38%) returned to the estuary (zone 2, Fig. 3 ) and 16 smolts (16%) continued 241 migrating upstream into the river at return (zone 3). Only smolts that returned within the 5 242 months battery life of the acoustic tag could be registered.
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Only 18 smolts (36%) in 2011 and 25 smolts in 2012 (50%) were still recorded 11 245 weeks after release. The last registration of a fish was most often (37%) in zone 2 (Fig. 3) . The estuary seemed to be an important habitat during summer for the hatchery S. 257 trutta smolts tracked in this study. Anadromous brown trout are usually not found offshore in 258 the Atlantic Ocean, but feed chiefly in estuaries and shallow waters close to shore (Jonsson & 259 Jonsson, 2011). Salmo trutta are well known to display a large plasticity in life history 260 strategies (Jonsson & Jonsson, 2011) . Results in the present study suggest that migratory 261 behaviour of S. trutta smolts is not only restricted to be resident or anadrome/lacustrine, but 262 that there is also an intermediary strategy of estuarine feeding. Chernitsky el al. (1995) 263 hypothesized that in northern Russia, estuarine feeding and longer marine migrations may be 264 alternative life history tactics in anadromous S. trutta. However, there is little knowledge 265 about such a migratory dichotomy from other areas. An extensive estuarine feeding may be 266 caused by better feeding options in the estuary than in the marine area. In the river Nidelva, 267 the estuary is long and with extensive littoral areas, while the marine Trondheim fjord is wide, 268 deep and only with few islands, so productive littoral zones are here a limited resource.
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It has been suggested that larger smolts are more willing to migrate (Ugedal et al., 271 1998). However, there was no difference in body length or mass between groups of smolts 272 with different migration strategies in the present study, and those categorised as fjord feeders 273 were not larger than others. Further, strontium analyses of scales from adult S. trutta caught in 274 the lower part of the River Nidelva (Koksvik & Steinnes, 2005) indicated that the majority of 275 these fish had migrated mainly to the estuarine habitat. The results differ from studies conducted in other Norwegian fjords 20-30 years ago.
293
At that time, Jonsson et al. (1995) found that 23-53% (average 34%) of hatchery S. trutta 294 released in the River Akerselva, southern Norway, became sea-run migratory after release. The high number of fish lost in the river during the first eleven weeks of the study 318 period (64% 2011; 50% 2012) may be due to predatory birds or mammals bringing the smolts 319 out of the river, malfunctioning transmitters, or the smolts moving or drifting to a place where 320 the detection efficiency was low (like rapids and other places with high current speeds) 321 (Davidsen et al., 2009) . Further, the fourteen individuals that were last time detected in the 322 fjord may have been predated during their marine migration or they may have returned to the 323 river after the study period ended (five months after release). New research have found that 324 adult sea trout in central and northern Norway are able to overwinter in marine waters 325 (Davidsen et al., unpublished results; Jensen & Rikardsen, 2008 , 2012 , however no such 326 information exist for post-smolts. Progression rates decreased as the smolt entered the area with brackish water (zone 2) 331 in both study years. A similar pattern was observed in a study of hatchery sea trout released 332 into the River Sävarån in Sweden (Serrano et al., 2009) . The decreased progression rates may 333 be related to feeding in the estuary. Another reason may be that the smolts needed time for 334 acclimation to sea water. However, analyses of gill Na+,K+-ATPase activity indicated that 335 the smolts were physiologically prepared for the seaward migration at the time of release.
336
Salmo trutta smolts are thought to be particularly vulnerable to predation during the transition 337 between fresh and sea water (Dieperink et al., 2001) , but the long residential time in the 338 estuary observed in the present study, may indicate that the gain is (or has been) higher than according to their migration pattern. River feeding individuals never entered the estuary, 2 estuarine feeders never entered the fjord, estuarine/fjord feeders entered the fjord for a period 3 less than a week and stayed mainly in the estuary, and marine feeders spent more than one 4 week in the fjord. 
